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HYBRID ENGINE ACCESSORY POWER SYSTEM 



BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to a method and a system for generating accessory 
power from a gas turbine engine. In particular, the present invention relates to a hybrid 
engine accessory power system that enables improved gas turbine engine operability 
characteristics. 

(2) Prior Art 

[0002] Horsepower extraction from a gas turbine engine typically incorporates a mechanical 
gearbox that is driven by a power takeoff shaft that is directly connected to one of the main 
drive shafts in the engine. The gearbox is mounted in such a way as to facilitate the 
subsequent attachment of all of the engine-driven accessories such as a fuel pump, an oil 
pump, a hydraulic pump, electrical generators, etc. The gearbox represents the transfer of gas 
turbine mechanical shaft power to accessory mechanical shaft power. 

[0003] Gas turbine engine high pressure compressors operate steady state along an operating 
line 10 of increasing flow and pressure ratio at increasing rotor speed as shown in FIG. 1. A 
compressor's limiting operability characteristic is the stall line 12 beyond which stable 
compressor airflow cannot be sustained. A compressor operating line 10 at a given airflow is 
• lower in pressure ratio than the stall line 12 to provide a margin for engine transient 
, operation. During engine acceleration, the compressor deviates from the steady state 
operating line 10 and moves along a transient operating line 14. For the typical high-pressure 
compressor, the transient operating line 14 during acceleration is characterized by reduced 
stall margin across the engine operating range. Accessory power demand negatively affects 
transient operation by reducing the amount of stall margin available as illustrated in FIG. 2. 
[0004] Gas turbine accessory power has been provided by mechanical means through a series 
of gear sets and transmission shafts attached to the engine's high pressure rotor. Electrical 
and hydraulic power for airplane systems, along with motive power for the engine oil and 
fuel pumps, are provided by the engine mounted accessory power train. High levels of shaft 
power extraction decreases the amount of stall margin available for engine transient operation 
as depicted in FIG. 2. 

[0005] There are several options available allowing transient operation within these 
limitations. The rate of engine acceleration can be slowed; however, this may be 
incompatible with the demands of aircraft safety during emergency circumstances such as 
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obstacle avoidance. Raising the minimum idle high rotor speed, increasing idle thrust, 
thereby reducing the idle to max power thrust range, also allows a lower acceleration rate and 
transient excursion. Again, this may be incompatible with aircraft operation as higher idle 
speed results in a higher idle thrust, which requires higher airplane drag to descend. Given 
airplane idle requirements for descent profile and engine thrust response for airplane safety, 
the compressor transient excursion is essentially fixed, requiring some relief with regard to 
accessory power effects on the high pressure rotor. 

[0006] Compressor bleed air can be used to drop the operating line of the compressor away 
from the surge line. This technique is commonly used; however, it has several drawbacks 
such as increased engine noise impact, and compatibility of the high temperature exhaust 
with composite engine cowl structures. 

[0007] There is a need for a system which simultaneously allows for reduced mechanical 
shaft power load and systems capacity to absorb and utilize the energy of compressor bleed 
air at low power. 

SUMMARY OF THE INVENTION 
[0008] Accordingly, it is an object of the present invention to provide a system wherein 
engine pneumatic power can be used to provide power for operating accessories onboard an 
aircraft, while improving the gas turbine compressor operating line margin from the 
compressor surge line. 

[0009] It is a further object of the present invention to provide a method for using engine 
pneumatic power to provide power for operating accessories onboard an aircraft, while 
improving the gas turbine compressor operating line margin from the compressor surge line. 
[0010] The foregoing objects are attained by the system and method of the present invention. 
[0011] In accordance with the present invention, a hybrid engine accessory power system is 
provided. The system broadly comprises means for monitoring at least one parameter which 
provides information about an incipient change in power demand, means for supplying bleed 
air from the engine during a transient state in response to the at least one monitored 
parameter, and a pneumatically operated means for receiving the bleed air and for generating 
power to operate equipment onboard an aircraft. 

[0012] Further in accordance with the present invention, a method for generating engine 
accessory power from a gas turbine engine is provided. The method broadly comprises the 
steps of monitoring at least one parameter which provides information about an incipient 
change in power demand, bleeding air from the engine during a transient state in response to 
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the at least one monitored parameter, and supplying the bleed air to a pneumatically operated 
means for generating power to operate equipment onboard an aircraft. 

[0013] Other details of the hybrid engine accessory power system of the present invention, as 
well as other objects and advantages attendant thereto, are set forth in the following detailed 
description and the accompanying drawings wherein like reference numerals depict like 
elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 is a graph illustrating the operating lines and surge lines for a gas turbine 
engine; 

[0015] FIG. 2 is a graph of available stall margin vs. thrust for a gas turbine engine; 
[0016] FIG. 3 is a schematic representation of an architecture for a hybrid engine accessory 
power system in accordance with the present invention; 

[0017] FIG. 4 is a schematic representation of a first embodiment of a hybrid engine 
accessory power system of the present invention; 

[0018] FIG. 5 is a schematic representation of a second embodiment of a hybrid engine 
accessory power system of the present invention; 

[0019] FIG. 6 is a schematic representation of a third embodiment of a hybrid engine 
accessory power system of the present invention; 

[0020] FIG. 7 is a schematic representation of a fourth embodiment of a hybrid engine 
accessory power system of the present invention; 

[0021] FIG. 8 is a schematic representation of a fifth embodiment of a hybrid engine 
accessory power system of the present invention; 

[0022] FIG. 9 is a schematic representation of a sixth embodiment of a hybrid engine 
accessory power system of the present invention; and 

[0023] FIG. 10 is a sectional view of a pneumatically operated device for use in the various 
embodiments of the hybrid engine accessory power system of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 
[0024] The present invention is directed to a hybrid mechanical/pneumatic accessory drive 
system which simultaneously allows for reduced mechanical shaft power load and systems 
capacity to absorb and utilize the energy of compressor bleed air at low power. By combining 
functions of several existing control and power generation components, engine transient 
operation can be improved or optimized. In the system of the present invention, the engine 
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mounted power generation system may operate solely with mechanical power at normal 
steady state operating conditions and combination pneumatic and mechanical power during a 
transient state. As used herein, the term 'transient state" refers to any change in power 
demand whether it be a change in engine power demand due to a change in engine state or a 
change in any mechanical or electrical power demand due to a change in any accessory state. 
In some flight regimes, it may be desirable to operate with a combination of pneumatic and 
mechanical power during steady state as well. By opening a compressor bleed during a 
transient state or at any other operating point, the operating line can be lowered, increasing 
the stall margin (point B in Figure 1). The bleed air is directed to a pneumatically operated 
device which reduces demand for mechanical shaft power from the high pressure rotor of the 
gas turbine engine. Reducing mechanical power demand lowers the compressor operating 
line, further allowing a given transient excursion with improved stall margin as shown by line 
18 in FIG. 1. 

[0025] FIG. 3 is a schematic representation of an architecture for a hybrid engine accessory 
power system in accordance with the present invention. The figure illustrates an engine 40 
having a high pressure compressor 90 connected to a rotor shaft 92. Power from the rotor 
shaft 92 is delivered to a gearbox 46 through a mechanical take-off shaft (not shown). The 
gearbox 46 is used to generate power for driving accessory devices such as the 
starter/generators 52 and potentially other devices, such as another generator, that are not 
shown. The system also contains a pneumatically operated device 42 which as discussed 
below will be used to provide power to the gearbox 46 and/or the accessories to be driven. 
Also as discussed below, the device 42 will receive bleed air from the compressor 90 or 
another portion of the engine 40 during transient operation to relieve the load on the rotor 
shaft 92 and thereby increase the stall margin. 

[0026] Referring now to FIG. 4, a first embodiment of a hybrid engine accessory power 
system in accordance with the present invention is shown. As discussed, the system 30 may 
be used to modulate the steady state and transient behavior of a gas turbine engine or an 
accessory onboard an aircraft. The system 30 makes use of a pneumatic or an electronic 
control device 32. In a preferred embodiment, the control device 32 may be a full authority 
digital engine control device (FADEC); however, alternatively, the control device 32 may be 
a pneumatic control device which receives an input from a sensor indicating the need to off 
load gearbox torque and open up pneumatic power to a pneumatic turbine drive device. The 
device 32 may control engine fuel flow to modulate engine operation, including steady state 
and transient behavior, and may be any suitable FADEC device known in the art. The device 
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32 may also have the ability to control engine compressor bleeds during transients. The 
device 32 is provided with knowledge of gearbox generator power demand via one or more 
of the following methods of detection: (1) an inputted cockpit signal 34 which indicates 
aircraft power demand change; (2) an inputted signal 37 from an electric power generator 
control device indicating power demand change; (3) an inputted signal 39 representative of 
torque change on a drive shaft, such as the electric generator drive shaft, as sensed by a 
sensor 41, preferably mounted on the shaft, indicating power demand change; and/or (4) an 
inputted signal 36 representative of the power demand changes of one or more electrical 
generators. The inputted signal 36 could be a signal from a device for controlling the power 
being generated by the electrical generator(s) or a signal from a sensor monitoring the output 
of the electrical generators). Any or all of these signals indicate to the device 32 that an 
increase or decrease in power demand is incipient and thus a transient state is about to occur 
or is occurring. 

[0027] The device 32 upon receiving a signal indicating a change in power demand, then 
transmits a signal to a valve 38 which causes the valve to open or modulate. When the valve 
38 is opened, engine bleed air, such as bleed air from the compressor 90, such as the high 
pressure compressor, of the engine 40 or from another portion of the engine 40, is supplied to 
a pneumatically operated device 42 such as a pneumatically integrated generator. As part of 
the system of the present invention, a signal representative of valve position is transmitted to 
the device 32 via feedback loop 44. 

[0028] The pneumatically operated device 42 may be any suitable device known in the art for 
delivering mechanical shaft power to the gearbox 46 to operate the drives 48 for such 
accessories as a fuel pump, deoiler, permanent magnet alternator (PMA), lube pump, 
hydraulic pump, generators and/or one or more starter/generators. Alternatively, the device 
42 may be any suitable device known in the art for delivering electrical power to operate the 
drives for one or more of the aforementioned accessories or any other accessories that require 
power. Examples of suitable pneumatically operated devices which may be used for the 
device 42 include, but are not limited to, an air turbine, a pneumatically operated auxiliary 
power unit, a turbocharger, a pneumatic starter, a turbopump, and other pneumatically 
operated devices for generating power. The power, whether it be electrical or mechanical, 
that is delivered by the device 42 to drive the accessories accommodates any additional 
electrical generator load and reduces the power demand on the engine rotor shaft. 
[0029] By utilizing the information available to the control device 32 regarding compressor 
bleed operation or scheduling and electrical generator load demand, the device 32 is able to 
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control the pneumatic power extraction. Controlling pneumatic power extraction can reduce 
engine workload and improve compressor operating line surge margin. 
[0030] In the embodiment of FIG. 5, the pneumatically operated device 42' is an air turbine 
mounted to the gearbox 46. The air turbine may be any suitable device known in the art for 
outputting mechanical power to be transmitted to the main gear shaft 50 in the gearbox 46 via 
any suitable means known in the art. As shown in this figure, the air turbine rotates the shaft 
50 which is connected to a plurality of accessory devices via any suitable power transfer 
arrangement known in the art such as a gear and shaft arrangement. The accessory devices 
which may be driven in this manner include starter/generators 52, fuel pump 54, deoiler 56, 
PMA 58, lube pump 60, and hydraulic pump 62. One skilled in the art will appreciate that 
this or an equivalent arrangement may also be used to drive other mechanical devices, such as 
a generator. 

[0031] As before, bleed air from the compressor 90 of engine 40 or another part of the engine 
40 is supplied to the air turbine 42' via the operation of control valve 38 by the electronic 
control device 32. 

[0032] FIG. 6 illustrates a variation of the system shown in FIG. 5. In this variation, the air 
turbine 42' is not mounted to the gearbox 46. Rather the air turbine 42' is mounted elsewhere 
on the aircraft and mechanical power from the air turbine 42' is delivered to the shaft 50 via a 
gear and shaft arrangement 70 including a bevel gear arrangement 72 and a tower shaft 74 
connected to the shaft 50 by a gear arrangement 76. One skilled in the art will recognize that 
other arrangements will work as well and are suitable equivalents to the embodiments of the 
present invention described in this application. 

[0033] FIG. 7 illustrates yet another variation of a hybrid engine accessory power drive in 
accordance with the present invention. In this variant, the air turbine 42 is not mounted to the 
gearbox 46. Rather, the air turbine 42 is mounted elsewhere on the aircraft. When needed, 
bleed air from the compressor 90 or some other portion of the gas turbine engine 40 is 
supplied to the air turbine 42 via valve 38. The valve 38 is operated or modulated as 
described hereinbefore by the electric control device 32. The air turbine 42 is driven so as to 
supply power to a generator 61. The power supplied to the generator 61 by air turbine 42 may 
be mechanical shaft power or electrical power depending upon the type of air turbine used. 
The electrical output of the generator 61 is then supplied to systems onboard the aircraft or 
any accessory onboard the aircraft requiring electrical power to operate the systems and/or 
accessory. One skilled in the art will recognize that other arrangements will work as well and 
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are suitable equivalents of this variation of the hybrid engine accessory power system of the 
present invention. 

[0034] FIG. 8 illustrates yet another embodiment of a hybrid engine accessory power system 
in accordance with the present invention. In this embodiment, an air turbine 42 is mounted to 
an end of a gearbox 46. The air turbine 42 drives a shaft 45 which in turn drives a shaft 50 
and shafts connected to various accessories including, but not limited to, starter/generators 
52, fuel pump 54, deoiler 56, PMA 58, lube pump 60, and hydraulic pump 62 via any suitable 
power transfer or gear arrangement 47 known in the art. If desired, the air turbine 42 may be 
used to provide power to other accessories, such as a generator, (not shown). As described 
hereinbefore, the flow of bleed air to the air turbine 42 is controlled by a valve (not shown) 
which is opened or modulated by an electronic control device 32 such as a FADEC. One 
skilled in the art will recognize that other arrangements will work as well and are suitable 
equivalents of this variation of the hybrid engine accessory power system of the present 
invention. 

[0035] FIG. 9 illustrates still another embodiment of a hybrid engine accessory power system 
in accordance with the present invention. In this embodiment, an air turbine 42 is mounted to 
an end of a gearbox 46. The air turbine 42 drives a shaft 45 for providing mechanical shaft 
power to a generator 61 that is also mounted to the end of the gearbox 46. The output of the 
generator 61 may be used to drive a wide variety of power systems or accessories onboard an 
aircraft. If desired, the output of the generator 61 may be used to provide power to various 
accessories including, but not limited to, starter/generators 52, fuel pump 54, deoiler 56, 
PMA 58, lube pump 60, and hydraulic pump 62 via any power transfer arrangement (not 
shown) known in the art. As described hereinbefore, the flow of bleed air to the air turbine 42 
is controlled by a valve (not shown) which is opened or modulated by an electronic control 
device 32 such as a FADEC. One skilled in the art will recognize that other arrangements will 
work as well and are suitable equivalents of this variation of the hybrid engine accessory 
power system of the present invention. 

[0036] FIG. 10 illustrates a pneumatically operated device 42 which can be used in any of the 
hybrid engine accessory power systems of the present invention. The device 42 is a 
pneumatic turbine drive device having a turbine 80. The device 42 may be mounted to a 
gearbox, if desired, via a flange 82. Mechanical power generated by the device 42 may be 
delivered to a shaft via the spline 84. One advantage to using this system is that the exhaust 
flow leaving the outlet 86 may be exhausted into an under cowl area, overboard into a fan 
duct, into the core exhaust region of the engine, or into some other location. Another 
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advantage is that by expanding the bleed air exhaust through a drive system, the exhaust 
temperature and velocity can be reduced thereby reducing exhaust noise and improving the 
compatibility with engine cowl structures. 

[0037] In general, all of the systems of FIGS. 4-9 operate in the following way. During a 
change in engine steady state, such as a deceleration of the engine below a prescribed engine 
high rotor speed, or during a change in accessory power demand, the control device 32 
commands the engine bleed system open. The bleed air is directed to the pneumatically 
operated device 42 or 42' , which in turn produces supplementary accessory drive power, 
either mechanical or electrical. Once a minimum surge margin point in the acceleration 
characteristic is passed, the engine bleed system can be closed, thereby improving engine 
performance. 

[0038] The hybrid engine accessory power systems of the present invention may be used 
with any gas turbine engine including, but not limited to, single-spool, 2-spool, and/or 3- 
spool gas turbine engines. 

[0039] It is apparent that there has been provided in accordance with the present invention a 
hybrid engine accessory power system which fully satisfies the objects, means, and 
advantages set forth hereinbefore. While the present invention has been described in the 
context of specific embodiments thereof, other alternatives, modifications, and variations will 
become apparent to those skilled in the art having read the foregoing description. 
Accordingly, it is intended to embrace those alternatives, modifications, and variations as fall 
within the broad scope of the appended claims. 
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